An egg yolk-polymyxin medium (KG) for rapid enumeration of Bacillus cereus is described. The test is presumptive in that differentiation of B. cereus (and closely related organisms) from other species is based on the formation of turbidity in the agar surrounding the colonies of the cereus group organisms. The medium is formulated to encourage sporulation and release of free spores for serological confirmatory tests within the 24-hr incubation period. The production of turbidity in egg yolk and free-spore production by 25 strains of B. cereus on KG agar were measured. The recovery of food poisoning strains of B. cereus inoculated into nonsterile food slurries was assessed. A comparison of KG agar and mannitol-egg yolk-polymyxin-agar indicated that the two media were comparable in their abilities to recover low levels of B. cereus from naturally contaminated foods. Since KG agar enhances spore formation by B. cereus, thus permitting early serological testing, its use in screening food products is advocated.
The role of Bacillus cereus as an etiological agent of foodborne disease was described by Hauge (7, 8) . Since then, other investigators have reported outbreaks and frequencies of B. cereus food poisoning (1, 11, 14, 15) . Oddly, until 1970, there was not a single report of a well documented outbreak of B. cereus poisoning in the United States. To date, there have been no outbreaks of this illness reported in England (B. Hobbs, personal communication). In light of the rather high frequency of occurrence in Hungary (14) , for example, it is quite probable that the infrequency of outbreaks in England and the United States reflects a lack of attention or examination of suspect foods rather than absence of occurrence. One possible explanation for this is that until recently a selective medium for B. cereus had not been described.
At present, most media employed for enumeration of B. cereus contain egg yolk. Thus, the primary differentiation of B. cereus from other Bacillus species depends on the detection of phospholipase C activity in cultures of the former organism. This stems from the early work of Colmer (4) and Chu (2) , who described the presence of lecithinase in cultures of B. cereus. Donovan (5) devised a peptone-beef extract-2.5% egg yolk medium which also contained polymyxin-lithium chloride for the inhibition of gram-positive and gram-negative bacteria, respectively, and trisodium citrate to facilitate assessment of the egg yolk reaction.
More recently, Mossel et al. (12) described a similar medium (MYP) which omitted the lithium chloride and added D-mannitol and phenol red for differentiation purposes. These authors successfully employed this medium for the detection of B. cereus in various food products. They suggested the employment of further biochemical tests, e.g., anaerobic dissimilation of glucose, hydrolysis of gelatin, reduction of nitrate, and profuse growth on chloral hydrate-agar for the identification of presumptive isolates of B. cereus.
In a survey of selected dry food products in retail distribution, Kim and Goepfert (10) RESULTS AND DISCUSSION During an earlier study (10) , it was noted that many colonies that appeared on MYP agar plates evidenced a restricted (1 +) zone of precipitate beneath the colony. The result was that many colonies were picked and subjected to extensive biochemical testing to ascertain that they were not weakly lecithinase-positive B. cereus. Additionally, two lecithinase-positive strains of the polymyxa-macerans group of Bacillus were also isolated. Various other species of Bacillus, e.g., B. laterosporus, B. thuringinesis, B. mycoides, and B. anthracis, have been reported to possess phospholipase C activity (16) . Therefore, it was desirable to have a rapid confirmatory test for B. cereus organisms isolated from selective agar plates that employed the production of turbidity in egg yolk-agar as a differential system. Serological tests for species-specific spore antigens appeared to be suitable for this purpose (Kim and Goepfert, unpublished data). These tests necessitated the presence of free spores.
The first step was to determine whether a suitable population of free spores was present in colonies growing on MYP agar. Three colonies from each of 10 different MYP agar plates (representing different food samples) were examined after 24, 48, and 72 hr at 35 C. No free spores and very few endospores developed in the colonies within that period. Various substances [Gsalts (3), 0.05% MnCl2, and 0.05 % sodium citrate] were added alone and in combination to MYP medium in an effort to enhance sporulation. None of the addends had an adverse effect on the lecithinase reaction of the test strain B. cereus T, but free spores could not be detected after 24 hr at 35 C.
Since the MYP medium contains a substantial amount of peptone (1 %), the possibility existed that the medium was too nutritionally endowed, i.e., favorable to vegetative cell growth and not conducive to sporulation. Consequently, a basal medium containing polymyxin B, egg yolk emulsion, agar (1.5 %), and phenol red was formulated. Phenol red was incorporated solely to facilitate observation of the zone of turbidity in the egg yolk medium. The basal medium alone and with various additions was tested for the ability to support ample lecithinase production and free-spore formation by the test strain B. cereus T ( Table 2 ). Initially it appeared that lecithinase production and sporulation were mutually exclusive or only weakly compatible. Substances which stimulated lecithinase production (1% peptone) seemed to prohibit sporulation. This effect seemed not to be attributable to glutamate inhibition of sporulation, a phenomenon well documented by other workers (6) , since the addition of 0.2% sodium glutamate did not affect the sporulation rate. Substances alone and in combination (MnCl2, sodium citrate, ethylenediaminetetraacetic acid, and glucose) that supported sporulation seemed to preclude lecithinase production (or activity). Phosphorochloline (0.1 %) was added to the plating medium to determine whether the end product of lecithinase activity would inhibit sporulation. This did not appreciably influence free-spore formation.
Finally, the incorporation of low levels of peptone and yeast extract into the basal medium resulted in lecithinase production and the formation of free spores by B. cereus T. Increasing the agar concentration from 1.5 to 1.8% enhanced free-spore formation by B. cereus T within the 24-hr incubation period at 37 C.
Twenty-five additional strains of B. cereus and the two lecithinase-positive polymyxa-macerans strains were streaked from pure cultures onto the complete medium. After incubation for 24 hr at 37 C, the plates were examined for evidence of turbidity around the colonies, and a small portion of a single colony of each strain was removed to a slide for examination by microscope. Preliminary experiments had disclosed that spore formation was greatest in that area of the plate where growth was heaviest. In the series of experiments reported here, the estimation of freespore population was performed on colonies that were well isolated from the area of heavy growth. It is recognized that examination of a single colony does not yield data on the sporeforming performance of other colonies on the same plate, but the examination of a colony that was well isolated would appear to represent the minimum sporulating capacity under these given conditions. For this reason, examination of a single colony was accepted as representative. The data in Table 3 indicate that the KG medium was sufficient to encourage turbidity production and free-spore formation by most of the strains within the 24-hr period of incubation. It was possible to detect turbidity formation by the colonies quite readily after 16 hr at 35 to 37 C.
It was noted previously ( Table 2 ) that MnCl2-sodium citrate mixtures had a stimulatory effect on free-spore formation by B. cereus T. These substances were tested for their ability to enhance free-spore formation by some of the strains that did not form free spores readily on KG agar incubated at 35 to 37 C for 24 hr. This was accomplished by placing one drop of a solution containing 0.1% MnCl2 and 0.1% sodium citrate (MC) on a 16-hr colony growing on KG agar. In addition to this, isolated colonies on the same plate that did not receive the solution were examined after 48 hr on KG medium (Table 4) . The administration of MC solution to the colonies enhanced the free-spore formation by each strain except C-14 and 27 Benz. Incubation of untreated colonies for 48 hr resulted in increased free-spore production by all strains except 27 Benz. This strain exhibited a low level (-10%) of free-spore production only in colonies treated with MC and incubated for 48 hr. Untreated colonies at both 24 and 48 hr were observed to contain less than 10% endospores. The reasons for the failure to enhance free-spore formation Initially, a suspension of spores of B. cereus T was prepared, diluted in peptone, and inoculated into autoclaved 1:10 aqueous suspensions of several food materials. A dried potato product, gravy mix, and seasoning mix were employed. The recovery and free-spore production data are presented in Table 5 . At this level of inoculum (1.3 X 103/ml), it appeared that the sterile food slurry had little or no effect on the recovery of B. cereus T. However, free-spore production may have been influenced by the food constitutents of the slurry even though these were diluted significantly by the plating procedure.
Five additional strains of B. cereus (all isolated from food poisoning outbreaks) were then inoculated into nonsterile 10% aqueous slurries of four food prototypes. The recovery rate of these strains on KG agar was calculated by comparing the KG agar counts with nutrient agar counts made on the cell suspension serving as the inoculum for the slurries (Table 6 ). The recovery of the five strains on the KG medium ranged from 63.8 to 276.7% of the organisms inoculated into the food prototypes.
This efficiency of recovery of relatively high numbers of B. cereus prompted a pilot study to determine the effectiveness of the KG medium in recovering low numbers of B. cereus from naturally contaminated retail food products. Six food prototypes were chosen, and 10-g samples were aseptically transferred to 90 ml of 0.1% peptone-water. Samples (0.1 ml) of the 10-l, 10-2, and 10-dilutions were surface-plated in duplicate on KG agar and MYP agar. Representative colonies of lecithinase-producing organisms that appeared on KG agar were picked after incubation at 35 to 37 C for 22 hr for examination by microscope and estimation of free-spore populations (Table 7) . B. cereus colonies were observed on both MYP and KG agar plates from 21 of 26 food samples. Three samples yielded colonies on MYP agar but not on KG agar. Two samples were positive on KG agar but not on MYP agar. Fourteen samples yielded higher B. cereus counts on KG agar, eight samples were higher on MYP agar, and in four samples identical counts were obtained on both media. Based on these data, it seems safe to assume that the two media were comparable in terms of ability to recover low numbers of B. cereus. 
